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To elucidate the origin of the metallic properties of the peanut-shaped polymer, we examined the valence photoelectron spectra of the polymer using in situ high-resolution photoelectron spectroscopy and found that the electronic states of the polymer came across the Fermi edge, as shown in Fig. 2 .
Interestingly, the spectral shape of the peanut-shaped polymer around the Fermi edge is very similar to that of quasi one-dimensional materials, such as K 0.3 MO 3 , with metallic phase. This predicts that the peanut-shaped polymer has quasi one-dimensional structure and exhibits Peierls transition at a given temperature. If the polymer shows Peierls transition at the given temperature, the transition should affect the electron-transport properties of the polymer. We examined the temperaturedependence of the electrical conductivity of the polymer in the range of 9K-400K. Figure 3 shows the Arrhenius plot of the resistance for the peanut-shaped polymer. It was found that the electron transport mechanism was changed at about 90 K, suggesting that the valence electronic structure around the Fermi edge was changed at this temperature. In addition, the activation energy for the electron conduction was obtained to be 60 meV, which is comparable to that for carbon nanotubes (CNT). Because the present peanut-shaped C 60 polymer can be formed only by EB irradiation of a C 60 film deposited on any substrate by dry (evaporation) or wet (spin coat) processes, this polymer is possible to be superior to CNT when applied to practical electronic device fabrication.
To confirm whether such the low-dimensional peanut-shaped C 60 polymer exhibits metallic character, we have performed first-principle calculations of the band structure for two kinds of quasi one-dimensional peanut-shaped C 60 polymers: one has the cross-linkage consisting of 6 and 7 membered rings and the other has that consisting of 5 and 8 membered rings. It was found that the former is a semiconductor, while the latter is a semi-metal, indicating that the latter model structure is one of possible candidates to explain the present experimental results. When a C 60 film was irradiated with an electron-beam with an incident energy of 3 kV and with an current intensity of 0.5 mA under a ultrahigh vacuum condition, a peanut-shaped C 60 polymer with a negative Gauss curvature was formed and exhibits a metallic I-V characteristics in air at room temperature. In the present paper, we review the electronic and electric properties of a peanut-shaped C 60 polymer using in situ photoelectron spectroscopy and in situ four-probe measurements, together with density-functional calculations of some peanut-shaped C 60 polymer model structures, and describe the π-electron conjugated systems from a standpoint of topology.
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